The prognosis of tuberculous meningitis, a rare form of extrapulmonary tuberculosis, depends on the stage of treatment initiation. We report a fatal case of tuberculous meningitis. The patient had received successive tumor necrosis factor (TNF) antagonists and abatacept to treat juvenile idiopathic arthritis, with negative results for polymerase chain reaction and acid-fast bacilli on smear, had normal cerebrospinal fluid (CSF) adenosine deaminase and glucose levels. Six weeks post-admission, the CSF culture demonstrated Mycobacterium tuberculosis. The altered immunological responses caused by anti-TNF treatment made the diagnosis challenging. Clinicians should bear this in mind and, if suspected, treatment should be initiated immediately.
INTRODUCTION
Tuberculous meningitis (TBM) accounts for about 1% of all cases of tuberculosis (TB) and 5% of all cases of extrapulmonary TB in immunocompetent individuals; patients with TBM have a high mortality rate, and residual neurologic sequelae can occur despite effective treatment 1, 2 . Rheumatic disease itself is associated with a 2-4-fold increase in the risk of TB, even without the use of anti-tumor necrosis factor alpha (TNF-α) medications 3 . Cases of active tuberculosis associated with the use of therapeutic agents that inhibit TNF-α have been reported worldwide. TNF-α plays a central role in mycobacterial infection and disease. Accordingly, progression of recently acquired TB infection or reactivation of previously acquired infection should be expected with the use of anti-TNF agents 4, 5 . Early recognition is important because the clinical outcome depends upon the stage at which therapy is initiated 1 . A recently published review article reported 5 cases of TB occurring in pediatric patients while they were taking anti-TNF treatment 6 . Herein, we report the first fatal case of TBM in a child taking anti-TNF therapy; the child's cerebrospinal fluid (CSF) sample tested negative for Mycobacterium tuberculosis on polymerasechain reaction (PCR), was smear negative for acid-fast bacilli (AFB), and had a low level of adenosine deaminase (ADA).
CASE REPORT
A 13-year-old boy was transferred to our hospital with a suspected diagnosis of tuberculous enteritis and Crohn's disease. He had been diagnosed with juvenile idiopathic arthritis at 3 years of age and had received oral prednisolone and oral and subcutaneous methotrexate for a period of 3 years. At 6 years of age, the patient was switched to etanercept because of persistent disease; he received etanercept and prednisolone for 7 years. At 12 years of age, the patient was switched to adalimumab due to resistant fever and elevated concentrations of acute-phase reactants. Adalimumab and steroids were administered for 3 months, but his general condition failed to improve. Based on his clinician's decision, the patient received abatacept for 3 months; he then developed pneumonia and a pleural effusion. He was treated with vancomycin and ceftriaxone for 14 days and his general condition improved. He was evaluated for TB; his tuberculin skin test (TST) result was 0mm and Quantiferon test result was negative. Two months after having had pneumonia, he developed abdominal pain and underwent surgery for suspected acute appendicitis. Pathologic examination of intestinal lymph nodes revealed granulomatous inflammation. The differential diagnosis included Crohn's disease and tuberculous lymphadenitis. Physical examination revealed no neurologic abnormalities. On the 2 nd day of his admission, the patient deteriorated, becoming agitated and displaying features of encephalopathy. Cranial magnetic resonance imaging and venography showed basilar meningeal contrast enhancement and contrast-enhanced nodular lesions ( Figure 1 and Figure 2) . He was then transferred to the Department of Pediatric Infectious Diseases, at which stage a lumbar puncture was performed. Examination of the CSF showed >1,000 nucleated cells (90% lymphocytes), a protein concentration of 63mg/dL (normal range 0-40mg/dL), and a glucose concentration of 51mg/dL (>40mg/dL). Sputum and CSF samples were negative for M. tuberculosis on PCR testing ( Table 1) . His serologic status was negative for human immunodeficiency virus, and a lymphocyte panel was normal. Additionally, microscopy of a CSF sample smear revealed no AFB. The ADA level was 1.3IU/L, which was also not suggestive of TBM, but the clinical findings in patients receiving anti-TNF therapy can be challenging. On the 5 th day, the patient developed a right-sided hemiplegia and refractory status epilepticus, and required mechanical ventilation. He required placement of a ventriculo-peritoneal shunt to treat hydrocephalus. His family was asked to bring his specimens from the previous hospital. Histologic re-evaluation of the intestinal lymph node demonstrated granulomatous inflammation with caseation in a small portion of the specimen. Isoniazid, rifampin, ethambutol, pyrazinamide, and streptomycin were started on the 10 th day of admission. A lumbar puncture was repeated; the findings are summarized in Table 1 . The patient died on the 21 st day of intensive care unit admission, despite administration of appropriate anti-TB treatment. Six weeks after admission, culture of the CSF revealed M. tuberculosis that was susceptible to all anti-TB drugs.
DISCUSSION
Tumor necrosis factor is a key cytokine in the host's protective response to M. tuberculosis and is important in the development and maintenance of granulomata, which compartmentalize tubercle bacilli during infection and recovery. The consequent breakdown of granulomata with anti-TNF therapy results in reactivation and dissemination of the bacilli, leading to extra-pulmonary disease. TBM develops most commonly as a complication of post-primary infection in infants and young children and from chronic bacteremia in older adults with immune deficiency caused by human immunodeficiency virus infection or drugs, including anti-TNF agents. In our patient, the first mechanism seems more likely given the history of pneumonia 2 months before he presented with what was subsequently shown to be TBM. Diagnostic markers of TB, including TST and interferon-gamma release assay (IGRA), were negative at that time; however, the pleural fluid was not examined for TB.
Mortality in patients with TBM is reported to be higher in those with culture-confirmed TB and has been shown to depend on the stage at which anti-TB treatment is initiated 1 . Early recognition is very important, and patients taking TNF antagonists should be followed up closely for the possible development of TB. Although a negative TST or IGRA result cannot eliminate the diagnosis of TB completely, TB screening is important prior to initiating TNF antagonists. Cuomo et al. 7 reported that 34 (13.6%) patients whose TB screening tests were negative at baseline displayed conversion of at least 1 screening assay after 12-120 months of treatment with an anti-TNF agent, abatacept, or tocilizumab. On the other hand, conventional tests such as direct examination of CSF, are positive in only 5~20% of cases. Moreover, the rate of culture positivity is approximately 40%, and takes approximately 6 weeks. A recent meta-analysis showed that the mean sensitivity and specificity of CSF ADA assays in detecting TMB were 0.79 and 0.91, respectively 8 .
Our patient received consecutive TNF antagonists and abatacept nearly for 7 years. TNF antagonists and steroids are known to cause false negative TST and IGRA results; hence, we initiated anti-TB drugs immediately, despite the negative AFB, PCR and, IGRA test results. M. tuberculosis was cultured in the patient's CSF specimen 6 weeks later. The rate of TB in patients on adalimumab or infliximab is higher than in those receiving etanercept 5, 9 . The median time from the initial use of a TNF antagonist to the diagnosis of TB was 13.4 months for cases exposed to etanercept, 5.5 months for those taking infliximab, and 18.5 months for those on adalimumab 5 . Our patient had a history of concomitant use of etanercept, adalimumab, and abatacept. Etanercept was switched to adalimumab 8 months prior to his current presentation, and he received adalimumab for 3 months. Serious infections have been found to occur more frequently in adalimumab-treated patients than in abatacepttreated and etanercept-treated patients 10 . The patient presented in this report received consecutive biologic agents for nearly 7 years, so it is difficult to single out 1 agent as the facilitating cause of the TB infection. The agent most recently used was abatacept, but abatacept is not considered to increase the risk of developing TB. On the other hand, the patient received adalimumab for 3 months before he developed TB. In a recently published review article, no increased risk of developing TB was found among patients taking abatacept, and pretreatment screening for TB was not recommended 11 . Of 433 abatacepttreated patients, Kremer et al. 12 reported only 1 possible case of TB -the patient presented with an enlarged lymph node that demonstrated histologic findings compatible with TB.
In conclusion, TBM should be kept in mind in patients receiving biologic agents for rheumatologic diseases, even if the biochemical parameters of the CSF are not suggestive of TB, and if the samples test negative for M. tuberculosis on PCR and negative for acid-fast bacilli on smear microscopy. For patients receiving TNF antagonists, once a provisional diagnosis of TBM is made, empiric treatment must be immediately initiated and must be continued until a negative CSF culture for M. tuberculosis is confirmed.
